The cell's genetic information is maintained as a double helix of interwoven DNA strands in which the information content (the nucleotide sequence) is tucked away between sheltering sugar-phosphate backbones. Although this stable structure benefits long-term information storage, the two strands of DNA must be unwound to allow DNA replication, genetic recombination and repair. Unfortunately, DNA unwinding comes with inherent risks: single-stranded DNA (ssDNA) is susceptible to environmental insults, and is prone to forming aberrant structures that impede subsequent DNA-processing reactions. To alleviate these problems, cellular ssDNA-binding proteins (SSBs) have evolved that bind, protect and stabilize the DNA 1, 2 , providing a platform that allows enzymes to process the single strand. SSBs have long been thought to form relatively immobile complexes with ssDNA. But Roy and colleagues 3 report in this issue (page 1092) that an SSB from the bacterium Escherichia coli forms a surprisingly dynamic structure with its DNA strand -one in which SSB slides spontaneously and rapidly along ssDNA tracks.
SSBs bind with high affinity and low sequence specificity to ssDNA 1, 2 . Most bacterial SSBs resemble the prototypical E. coli protein, which wraps ssDNA around its tetrameric (four-subunit) protein core (Fig. 1) . Bacterial SSBs also bind to other proteins involved in DNA metabolism 2 . Eukaryotic SSBs (those of plants and animals), however, have different DNA-binding-domain arrangements and protein-association mechanisms from their bacterial counterparts 4 . By virtue of the transience of ssDNA species in cellular DNA-processing reactions, SSB-ssDNA complexes have long been thought to be shortlived but essential structures in normal cellular processes. For example, during DNA replication in E. coli, the binding protein not only binds to ssDNA, but is also jettisoned from the DNA strand as the DNA template is copied by the cellular replication machinery. This feat requires that multiple SSBs bind to and dissociate from long stretches of ssDNA (in excess of 1,000 nucleotides) within seconds 5 , implying dramatic and rapid dynamics.
Early microscopic and biochemical studies 6 showed that E. coli SSB forms beaded structures on ssDNA that resemble those of histone proteins (the proteins around which DNA folds to form nucleosomes in the eukaryotic cell nucleus). The movement of histones away from stably bound DNA sequences often requires energy-consuming cellular machinery 7 , and hence one might infer a model for an SSB-ssDNA complex in which there is limited spontaneous sliding of SSB on its DNA. However, kinetic studies of E. coli SSB 8, 9 and of a related SSB from a bacterium-infecting virus, bacteriophage T4 (ref. 10) , have supported a more dynamic arrangement in which binding proteins are envisaged to move more freely on ssDNA. Thus, the questions of whether SSB moves along its DNA, and how enzymes that process the DNA in SSB-ssDNA complexes might engage their substrates and dislodge the binding protein, have gone unanswered.
In their study, Roy and colleagues 3 show that E. coli SSB translocates spontaneously and rapidly along the DNA. The finding comes from a set of single-molecule experiments that followed the mobility of the binding protein on ssDNA over time. The protein was estimated to slide spontaneously at a brisk 60 steps per second at 37 °C, moving at a step size of about 3-nucleotide intervals. The authors show that individual SSB tetramers moved distances in excess of the size of their DNA-binding site (65 nucleotides) in either direction along the ssDNA molecules.
These observations beg the question of how binding-protein dynamics influence enzymes that process the DNA in SSB-ssDNA complexes to maintain the genome. To address this problem, the authors 3 examined the relationship between SSB and RecA -an enzyme involved in E. coli DNA repair and recombination. RecA forms filaments on ssDNA in a directional manner, and nudges the binding protein along the DNA as the filament elongates. In turn, SSB disrupts hairpin structures in the ssDNA that lie ahead of the growing RecA filament, thereby removing potentially obstructive DNA secondary structures and assisting RecA-filament propagation. Taken together, these studies show how SSB promotes RecA-filament formation through directional diffusion along ssDNA.
The discovery that SSB moves along its DNA partner raises many questions. First, how does SSB diffusion influence the activity of proteins with which it forms complexes? It binds to more than a dozen different proteins and, in many cases, stimulates the activity of its partners 2 . As E. coli RecA does not seem to bind to SSB directly, it is unclear whether the current findings apply to other SSB-ssDNA-processing enzymes. For example, if an enzyme interacts with both SSB and ssDNA, does it bind to only one SSB protein and push downstream SSBs like the carriages of a train, or does it traverse from one binding protein to the next? Second, how is the binding protein removed from DNA? Considering the high affinity of SSB-ssDNA interactions, this is uncertain. If a long train of ssDNA-bound SSBs is pushed by an SSB-ssDNA-processing enzyme, does the binding protein simply fall off the end of the DNA (as seems to be the case for RecA 3 ), or can it be sequentially removed by the enzyme as SSB-ssDNA complexes are processed (Fig. 1) ? In the former model, how is the SSB that is bound to gap structures (ssDNA flanked by double-stranded DNA, as would be found in DNA-replication intermediates) removed without a free DNA end? With the clearer understanding of SSB-ssDNA dynamics provided by Roy and colleagues, 
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The Scientific Principles of Crop Protection. By Hubert Martin -To say that, nuclear wars apart, the greatest problem of the future will be to feed the rapidly growing human population is none the less true for being trite. Happily there is no need to think it is insoluble. Average crop yields are so low that the scope for improvement is enormous, and starvation can be avoided for a long time simply by improving the health of crops. Over much of the world most crops are left to fend for themselves, unaided in their struggle with pests and diseases. What annual toll these predators take cannot be estimated at all accurately, but there is little doubt that human beings will have at least twice as much to eat when they stop sharing their crops with pests and diseases.
ALSO:
Prof. Jaroslav Heyrovsky … has been awarded the Nobel Prize for Chemistry for 1959, for his discovery and development of polarography … The number of papers dealing with polarography now approaches the 10,000 mark, and the technique finds application in many fields of chemistry and biochemistry … For example, the kinetics of electrode reactions and of chemical reactions associated with redox processes have been studied, redox potentials have been determined and the energetics of the reduction of organic compounds have been elucidated. From Nature 24 October 1959.
YEARS AGO
Considerable interest attaches to the discovery of large quantities of shells of the pearl-mussel (Unio margaritifer) in gravel of apparently Pleistocene age in the Thames near Mortlake … The cause of the extinction of the species is explained by the fact that as the land sank the river became more sluggish, and silt and mud commenced to accumulate. Such conditions would prove highly detrimental to its welfare, and the species soon ceased to exist. From Nature 21 October 1909.
BIOCHEMISTRY Enzyme's black box cracked open
David H. Sherman
Polyketide synthase enzymes make compounds from molecules that synthetic chemists can't easily control. The basis of the enzymes' ability to use such unstable precursors has been laid bare.
Polyketides form a structurally diverse -and often medicinally useful -family of compounds derived from bacteria, fungi and plants. These compounds include the antibiotic erythromycin, the anticancer agent epothilone and the cholesterol-lowering drug lovastatin. But it's not all good news. Some polyketides are dangerous, such as aflatoxin B 1 , which causes liver cancer in humans. The biological activities of polyketides are prescribed by their molecular shapes and sizes. These, in turn, are ultimately determined by the biosynthetic machinery that makes the mole cules -polyketide synthase (PKS) enzymes, along with other auxiliary enzymes that tailor polyketide structures to provide additional chemical diversity 1 . Among PKS enzymes, some of the most confounding and mysterious are the fungal non-reducing, multi-domain iterative PKSs (NR IPKSs). These enzymes perform a truly remarkable 'ring-closing' transformation: they convert linear polyketide fragments into a series of connected aromatic rings, known as polycycles. On page 1139 of this issue, Crawford et al. 2 provide stunning insight into how NR IPKSs bind and fold polyketides to control the structural outcome of these transformations. They have obtained a crystal structure of a domain of PksA -an NR IPKS found in certain species of Aspergillus moulds that is involved in the assembly of a polycyclic precursor to aflatoxin B 1 , known as noranthrone.
The stage was set for Crawford and colleagues' work when a region of PksA known as the product-template (PT) domain was reported last year to be responsible for catalysing polyketide ring-closing reactions 3 . This unique functional domain was shown to be evolutionarily conserved in NR IPKSs from diverse fungi. But how does it work? The mechanism might reasonably be expected to be similar to that of fatty acid synthase (FAS) enzymes, which are phylogenetically and biochemically related to NR IPKSs. FAS enzymes make the long hydrocarbon chains of saturated fatty acids by repeating a cycle of reactions, in which the chain is first elongated by the addition of a small molecular building block and then chemically reduced 4 . In fact, although PksA makes molecular chains using elongation steps similar to those of FAS enzymes, it lacks the processing machinery necessary to perform reduction reactions. This results in the formation of a polyketide chain that, in isolation, would be so chemically unstable as to be practically useless. But in NR IPKS enzymes, the polyketide is covalently tethered to an arm (known as the phosphopantetheine arm) of one of the protein domains that makes up the enzyme. The combination of the covalent linkage and the NR IPKS protein scaffold provides a protective environment that stabilizes the polyketide.
The importance of chain stabilization in polyketide biosynthesis was suggested several decades ago when a series of linear polyketides was prepared by chemical synthesis 5 . The compounds were made to see how they might be involved in the biosynthesis of natural products that are polycyclic and aromatic, many of which are derived from fungi. These studies showed that, in the absence of external influences, polyketides undergo several different uncontrolled cyclization reactions (rather than just one), yielding a mixture of products (Fig. 1a) . This ultimately suggested that NR IPKS enzymes are responsible for much more than just chemical catalysis -they must also direct the polyketide chain toward a pre-cyclization configuration, something that was unimaginable at the time. Such molecular control would enable faithful generation of a single reaction product out of a myriad of possibilities.
The 'black box' of fungal NR IPKS has now these fundamental questions can begin to be addressed.
